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A method for the study of tool use is presented from the perspective of an ecological 
approach to perception and action. It is argued that the essence of tool use lies in the 
maintenance of a specific relation between the organism + tool complex and the 
environment. Control over the tool is subordinate to this aim. It is proposed that 
perturbations of the tool-environment relation reveal the essential dimensions of 
organism + tool complex. A simple experiment is reported in which children (n = 
43) from 2 to 4 years of age were asked to use (1 of 6 )  spoons to transport rice from 1 
bucket to another. Perturbation of the tool-environment relation was introduced by 
manipulating the geometrical configuration of the spoons. The results indicated that 
all children indeed controlled the relation between tool and environment. They varied 
their grip such that the functional act of scooping was preserved. Hence, they 
perceived the new spoons in terms of its functional properties, its affodances. In 
Requests for reprints should be sent to B. Steenbergen, N.I.C.I., University of Nijmegen, P.O. Box 
9104,6500 HE, Nijmegen, The Netherlands. Evmail: steenbergen@nici.kun.nl 
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addition, it was found that the relative occurrence of successful and unsuccessful 
transport attempts was contingent upon the configuration of the spoon. The control 
problems posed by one spoon in particular were such that, when using this implement, 
five children failed to transport any rice. A highly rigid handling mode was evident 
duringmany of the transport attempts undertaken using this spoon. The results further 
exemplified that failures in tool use, following perturbations of the tool-environment 
relation, are concommitant with the adoption of rigid handling modes and the 
selection of maladaptive grip configurations. 
The majority of our routine interactions with the environment rely upon a high 
degree of manual dexterity. Although the phylogenetic origins of prehensile spe- 
cialization remain abstruse, it is clear that the present morphology of the hands 
affords an astounding variety of functions. Furthermore, the ability to pick up and 
manipulate objects or use these objects as tools considerably extends our facility to 
interact with the environment. Despite the fact that the human prehensile system, 
by virtue of the opposable thumb, is more adapted for tool use than any other 
species Uouffroy, 1993), surprisingly few studies are devoted to tool use and its 
development in young children. As a consequence, insight is needed in the core 
properties, that is, the affordances of tool use and methods to study children's 
discovery and exploitation of those affordances. In this article we present a method 
for the study of tool use. We take as our starting point the ecological approach to 
perception and action. Hypotheses stemming from this method are subsequently 
tested in a simple experiment. 
In spite of the fact that the study of tool use has only received scant attention, 
definitions of tool use do exist. Beck (1980; see also McGrew, 1993) defined tool 
use as "the external deployment of an unattached environmental object to alter 
more efficiently the form, position or condition of another object" (p. 10). Accord- 
ing to Connolly and Dalgleish (1989), tools, in their capacity as devices for working 
on something, "serve as extensions of the limbs and enhance the efficiency with 
which skills are performed" (p. 985). Goodall (1986) argued that in tool use "an 
object must be held in the hand (or foot or mouth) and used in such a way as to 
enable the operator an immediate goal" (p. 536). According to Gibson (1979/1986, 
see also Reed, 1988) tools " . . . are objects that can be temporally attached to our 
bodies, so as to increase our capacity for action" (p. 40). A common theme is that 
tools can be attached to the body to extend the capacity for action. 
However, to be used as a tool, the functionof the implement has to be discovered; 
it has to be discovered what a tool affords to the user (Gibson, 197911986). The 
function, or affordance, of the tool is determined by its possible relation with the 
environment. The emphasis on the relation between the tool and the environment 
or target that is worked upon is emblematic of the ecological approach to perception 
and action (cf. Gibson, 197911986; Reed, 1988; Smitsman, 1996; Tamboer, 1989). 
From this perspective, the organism and environment are taken to be inseparable, 
and studies of tool use need to take this reciprocity as starting point of inquiry. Studies 
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predicated on the assumption that the implement and the environment constitute 
separate entities potentially turn the action of tool use into a cognitive means-end 
problem for the organism (e.g., Bates, Carlson-Luden, & Bretherton, 1980; Brown, 
1990; Connolly & Dalgleish, 1989; Parker & Gibson, 1977; Piaget, 19%). Further- 
more, from the ecological perspective, the demarcation between the organism and 
environment is not f ied  but is subject to shifts; detached objects from the 
environment can become part of the action system of the performer (e.g., Katz, 
1925; Smitsman, 1996) thereby extending the capacity for perceiving and acting, 
namely, change the dynamics of the movement system (Van der Kamp, Steenber- 
gen, & Smitsman, 1993). 
Hence, merely implementing an environmental object into one's action 
system is not enough for an object to become a tool. To find out what it is that 
makes an object a tool, we need to focus on the activity of tool use itself rather 
than internal cognitive mechanisms (e.g., Berthelet & Chavaillon, 1993; Con- 
nolly & Dalgleish, 1989; Greenfield, 1991; Parker & Gibson, 1977). When the 
activity itself is brought into focus we see the essence of tool use. The core 
feature of tool use entails that manipulation is directed at the relation between 
implement and environment. A fundamental consequence of this assumption is 
rhat the end-effector within a tool-use action is displaced from the hand to the 
implement. Thus defmed, tool use implies a shift in the boundary between 
organism and environment (cf. Smitsman, 1996). During object manipulation, an 
action is performed on a detached object from the environment, whereas in tool 
use, an action is performed with a detached object in the environment (i.e., a tool) 
on something else from the environment. Grasping an object has a different 
affordance when a functional relation between the grasped object and another 
object forms the goal (tool use), compared to when the object itself forms the goal 
(object manipulation). 
To study tool use we need to begin with a description of the action to be 
performed. More precisely, it is necessary to examine the required relation between 
the tool and the environment. The specific character of this relation specifies the 
type of tooling action that is performed, for instance, hammering and cutting. To 
examine whether the affordance of the tool is indeed perceived and maintained, 
manipulations of the tool-environment relation need to be introduced that vary 
relevant but noncrucial features of this affordance (cf. Reed, 1996). If, despite these 
manipulations, the functional relation between tool and environment is still estab- 
lished this presents clear evidence that the functional properties of the object, 
namely, its affordance, is perceived. 
If a person is indeed performing a tool-using action, instantaneously, the under- 
lying dynamics of the prehensile system are changed, which forms the basis for the 
emergence of new action possibilities and the loss of existing ones. A second 
question concerns the constraints upon the reorganization of the action system 
during tool use. Of particular interest is the question of whether the principles that 
underlie tool use are the same (generic) principles that apply to the learning of 
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complex skills. For example, it has been postulated that the initial stages of skill 
acquisition may be expressed as the freezing of mechanical degrees of freedom 
(Bernstein, 1967; for examples, see Steenbergen, Marteniuk, & Kalbfleisch, 1995; 
Vereijken, Van Emmerik, Whiting, & Newell, 1992). 
The study of tool use requires a description of the required relation between the 
tool and the environment, and an outline of the contingent changes in the 
composition of the tool-organism complex. Perturbations of the tool-environment 
relation reveal the limits under which tool use may proceed. In addition, adaptations 
in the handling of the tool resulting from perturbations may reveal the essential 
dimensions of the organism + tool complex. 
An exploration of the limits of tool use has been provided by Van Leeuwen, 
Smitsman, and Van Leeuwen (1994). They asked young children to displace an 
object by means of a hook. An object together with a hook were placed on a table 
in different configurations. For the children to use the hook, they had to perceive 
that the hook indeed afforded hooking, namely, that a particular relation between 
hook and object needed to be established to use the hook as a tool for displacing 
the objects. Van Leeuwen et al. manipulated the complexity of the affordance 
structure by varying the relative positions of the hook and the target. The results 
showed that more complex affordance structures resulted in a larger number of 
performance failures. In these instances, the particular relation between hook and 
object that afforded hooking was not realized. According to Van Leeuwen et al. this 
was due to a lack of appreciation of a high level affordance structure created by the 
tool-target-actor relation. 
If, on the other hand, an affordance is realized in the face of perturbations, the 
adaptations in the handling of the tool that results may provide insight into the 
control principles underlying tool use. For example, Bruner (1969,1973) suggested 
that restriction of the movement of the joints and the use of the power rather than 
the precision grip (Napier, 1956) in manipulating objects reflects means by which 
the infant effectively reduces the degrees of freedom in the process of mastering 
tool use. The consequence of using a robust power grip as compared to a more 
flexible precision grip is that the former does not permit intrinsic movements, that 
is, movements of the individual fingers for controlling the spoon (Elliot & Con- 
nolly, 1984; Landsmeer, 1962). In contrast, a precision grip is more difficult to 
control because more degrees of freedom are involved in this grip compared to a 
power grip. 
Recently, Connolly and Dalgleish (1989, 1993) described changes in spoon 
use during feeding in infants aged from 1 to 2 years. During this period, children 
tend to reduce the number of grip configurations expressed (e.g., type of grip, 
position of the hand on the spoon). When filling the spoon they showed a shift 
from movements of the shoulder to movements of the wrist joint and an 
increasing use of elbow and shoulder flexion during transport of the spoon to 
the mouth. Movement trajectories also became more fluent and the number of 
errors was reduced. The adaptations, which occurred with increasing age, 
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TOOL USE IN YOUNG CHILDREN 117 
permitted greater precision and flexibility. One behavioral consequence was re- 
ducedspillage, hence, optimizationofperformance outcome.Theseresultssuggest 
an initial freezing and subsequent unfreezing of available degrees of freedom and 
support the concept ofproximo-distalorganizationofcoordination (cf. Steenber- 
genet al., 1995). 
In the longitudinal study of spoon use, Connolly and Dalgleish (1993) noted 
that developmental progress was characterized by a shift from a grip position close 
to the bowl to a position at the top of the stem, which occurred by the end of the 
second year. This observation suggests that in spoon use, this may be one of the 
essential dimensions of the organism + tool complex along with a change in 
grip configuration. 
Our experiment was conducted to investigate the influence of perturbations 
of the tool-environment relation upon the action of tool use. Children from 2 
to 4 years of age were asked to use (1 of 6) spoons to transport rice from one 
bucket to another. For a spoon to afford scooping, a concavity (bowl) is 
necessary to hold the substance, and attached to this bowl a handle is needed 
with which the spoon can be grasped. In normal spoons the axis of the handle 
continues into the bowl. Still, for the spoon to be used as a tool for transport- 
ing substances it is not mandatory to have this feature. Therefore, we varied 
the relation between the bowl and the handle, thereby introducing a perturba- 
tion in the tool-environment relation. If the children indeed perceived the 
spoon in terms of its functional properties (affordances), adaptations in the 
handling may be expected that accommodate the function of the spoon. Con- 
sideration was given to circumstances in which the perturbation induced by this 
manipulation resulted in a situation in which the scooping tool could no longer 
be used as a spoon. In addition, contingent changes in the pattern of tool 
handling were examined. We also sought to examine whether changes in task 
performance were concommitant with freezing and unfreezing of mechanical 
degrees of freedom. 
METHOD 
Participants 
Children were recruited from two children's day care centers in the city of Amster- 
dam. Data obtained from 43 participants (18 girls and 25 boys) ranging in age from 
24 months to 46 months (mean age 36.2 months, sd 6.7 months) were used for 
further analysis. It was verified initially that all children were able to adopt a mature 
precision grip for eating when using a "normal" spoon (e.g., Connolly 6r Dalgleish, 
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1989). Had this not been the case, then no variation in grip patterns could be 
expected because only power grips were possible. 
Apparatus and Experimental Materials 
Six spoons were used as tools in this experiment. The stem of each spoon was 12.5 
cm in length and was 1.2 cm at the widest point. The bowl, which was oval in shape, 
had a long axis of 6 cm and a short axis of 4 cm. The essential difference between 
the spoons was in the geometrical relation of the bowl to the stem. One spoon was 
of the conventional variety, whereas the remaining five spoons were adapted to 
introduce a bend at the intersection of the bowl and the stem (see Figure 1). 
The children were seated comfortably at a table, upon which were placed two 
transparent baskets measuring 21 cm in length, 14 cmin width, and 2.5 cm in height. 
One basket was filled with dry, uncooked white rice and was placed 25 cm in front 
of the child. The other basket was empty and was placed 10 cm in front of the child. 
Experimental sessions were recorded on videotape. 
Procedure 
All experiments were conducted at children's day care centers between 10 a.m. and 
11:30 a.m. During each experimental session, two experimenters and one employee 
of the day care were present. Testing was conducted in a room that was separate 
from the day care group. Toys were arranged on the table, and soft children's music 
was played in the background. When the child was seated comfortably at the table, 
they were asked to carry rice from the full to the empty basket, using one of the six 
spoons. When 1 min had elapsed, another spoon was offered to the child. The order 
FIGURE 1 Schematic representation of the six spoons used in the experi- 
ment. The classification scheme for grip position is indicated on Spoon A: T 
= top position, M = middle position, and B = close to the bowl. 
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of presentation of the six spoons was randomized over children. Each chid was 
required to use the entire range of spoons. One complete experimental session lasted 
approximately 10 min. 
Data Reduction 
The following dependent variables were obtained from the video record. 
1. The functional use of the spoon: Is the affordance perceived? To find out 
whether a spoon indeed afforded scooping, it had to be established for each of 
the scooping attempts whether the concave side of the spoon was facing up, in 
which case the functional property of the spoon as tool for scooping and 
transporting rice was perceived. If the spoon did not afford scooping to the 
children, it might be expected that the spoon was held with the convex side 
facing up or otherwise. 
2. The total number of scooping attempts in each 1-min interval. A scoop- 
ing attempt was the act of bringing the spoon into the rice, followed by an effort 
to load the spoon. If no rice was subsequently transported, the attempt was 
denoted unsuccessful. Successful attempts were defined as loading the spoon 
with rice, transporting the rice to the second bucket, and emptying the spoon 
into this bucket, regardless of the amount of rice transported. Thus, the total 
number of scooping attempts was the sum of the successful attempts and the 
unsuccessful attempts. 
3. The type of grip employed (see Figure 2). The grip patterns were classified 
on the basis of the number of individual digits that were used. The classification 
was chosen to be consistent with the existing literature on grip patterns and tool 
use (Connolly & Dalgleish, 1989; Napier, 1956). Grips were categorized on a 
ordinal scale ranging from the robust power grips (Type 1: Fist, no individual 
fingers controlled; Type 2: The opposing thumb is used), to the more flexible 
precision grips (Type 3: Opposing thumb on spoon, forefinger pointing up; Type 
4: Thumb and forefinger used to control the spoon). 
The reason to limit all available grips into this ordinal scale is that grips ranged 
from rigid, in which only few degrees of freedom of the prehensile system are used, 
to flexible (mature) grips, in which more degrees of freedom of the prehensile 
system are actively involved in the control process. It could therefore be tested 
whether freezing degrees of freedom occurred as an initial solution to the control 
problem. The classification accounted for 94% of all the grip patterns observed in 
the experiment. The remaining grips were scored as Type 5. These grips included 
adult clenched grip, digital palmar grip, and interdigital grip (see Connolly & 
Dalgleish, 1989, 19%). 
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FIGURE 2 Schematic representation of the categorization of grip patterns. Grips 1 
and 2 were classified as power grips, and Grips 3 and 4 were classified as precision grips 
(see text for details). 
4. The position on the stem at which the spoon was held: top, middle, and close 
to the bowl (see Figure 1). 
The reliability of the scoring of each dependent variable was evaluated by 
having the data obtained from five participants scored by two independent 
observers (first and second author). Interreliability for the total number ofscooping 
attempts was 98%. In addition, measures of kappa (Cohen, 1960) for type of grip 
and position on the stem, assessed on the basis of 140 scooping attempts, were .90 
and .76 respectively. 
Did the Spoons Afford Scooping and Transporting 
Rice for the Children? 
The primary aim of this study was to examine the functional organization of tool 
use in the face of perturbations of the tool-environment relation. To establish 
the integrity of our experimental manipulations, it was necessary to establish 
that, in all conditions, the children attempted to use the tool in a goal-oriented 
fashion. For a spoon to be used as a device for scooping and transporting 
substances, it should be inserted into a substance with the concave side facing 
upwards. We verified that all of the children included in this study indeed tried 
to control this relation. In all instances they brought the scoop into the rice with 
the concave side facing up. We concluded, therefore, that in all instances the 
spoon afforded scooping and that the use of the spoon as a tool was indeed 
possible. Henceforth, for all spoons, children perceived the functional properties of 
the spoon, in spite of the differences in geometrical layout. 
'A preliminary analysis failed to indicate the presence of any main effects or interactions atmbutable 
to age. All children were able to use the spoon as a device for transporting rice, and all were capable of 
manipulating the spoon with a precision grip. 
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Success of Tool-Using Action 
To examine the contribution of spoon type to the success in scooping,* data were 
pooled over participants, and the number of scooping attempts was analyzed using 
a 6 (Spoon: A, B, C, D, E, F) x 2 (Scoop Outcome: Successful vs. Unsuccessful) 
chi-square procedure. It was clear that the number of successful scooping attempts 
far exceeded the number of unsuccessful attempts, x2(5,  N = 43) = 219.75, P < 
.005 (Figure 3). The majority of scooping attempts resulted in the transfer of rice 
between buckets. Inspection of Figure 3 also shows that there were more successful 
than unsuccessful scooping attempts for all spoons other than for Spoon C. The 
control problems posed by Spoon C were also emphasized by the observation that, 
for this spoon, 5 children failed to transport any rice. 
The manner in which the number ofsuccessful and unsuccessful attempts varied 
with grip type was assessed using a 2 Scoop Outcome (successful, unsuccessful) x 
5 (Grip: 1,2,3,4,5) chi-square procedure. Data were pooled across spoon type and 
over all participants. As inspection of Figure 4 reveals, the grip most frequently 
adopted during successful attempts was a Type 4 precision grip, in which the thumb 
successful 
6 unsuccessful 
spoon A spoon B spoon C spoon D spoon E spoon F 
spoon 
FIGURE 3 The distribution (mean number occurrences per participant) of successful and unsuc- 
cessful attempts ohsewed for each type of spoon. Error bars represent the corresponding standard 
deviations. 
' ~ o t e  that success in scooping is referred to as either scooping with some rice as opposed to scooping 
without any rice. Hence, no refinement in scoring was made with respect to the amount of rice 
transported. 
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grip 1 
H grip 2 
grip 3 
grip4 
0 grip 5 
succesful unsuccesful 
scooping attempt 
FIGURE 4 The observed distribution (mean number of occurrences per par- 
. - 
ticipant) of successful and unsuccessful scooping attempts expressed as a function 
of grip type. Error bars represent the corresponding standard deviations. 
and forefinger were used to control the spoon, X2(4, N = 43) = 37.25, p < .005. 
The next most frequently occurring grip was a Type 2 power grip, in which the 
opposing thumb was used. In contrast, during unsuccessful attempts there was a 
uniform distribution of grip types. 
The relative occurrence of successful and unsuccessful attempts was also exam- 
ined as a function of grip position using a 2 (Scoop Outcome: Successful vs. 
Unsuccessful) x 3 (Position: Top, Middle, Blade) chi-square procedure. Data were 
again pooled over all participants. As Figure 5 indicates, during successful attempts 
the spoon was more often grasped in the top and middle positions, ~ ' ( 2 ,  N = 43) 
= 18.02, p < .005. In contrast, during unsuccessful attempts the spoon was more 
frequently grasped close to the bowl in the blade position. 
These data suggest that the adoption of particular grip configurations (type and 
position) enhances accommodation to perturbations of the tool-environment relation 
(spoon type). More specifically, children varied their grip pattern to preserve the 
functional relation between tool and environment, thus maintaining the affordance of 
the spoon as scooping device. Conversely, infants' failure to successfully execute the 
task when using Spoon C may have been concomitant with the selection of maladap. 
tive grip configurations. 
To further assess these possibilities, the adaptation in grip configuration for only 
the successful attempts are examined in the following section. Hence, the 5 children 
that were not able to transport any rice with the spoon were not included in ths  
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analysis, resulting in a group of 38 chddren (15 girls and 23 boys) ranging in age from 
24 to 46 months (mean age 36.8 months, SD 6.7 months). 
Evidence for Adaptation in Handling the Spoon 
A series of chi-square tests were conducted separately for each spoon type. In each 
analysis, data were pooled over all participants. To control for the potential 
inflation of Type I errors resulting from multiple comparisons, alpha was assigned 
as .005. 
In the first set of analyses, the relative occurrence of grip type was assessed for 
each spoon type. All six analyses were significant, (a = .005); chi-squares ranged 
from X2(4, N = 38) = l l0 ,80  for Spoon F to X2( 4, N = 38) = 239.65 for Spoon 
D. The analyses indicated that Spoons A, B, Dl and E were grasped most frequently 
with a precision grip of Type 4 (Figure 6). Spoon C was most frequently gripped 
with a power grip of Type 2, whereas Spoon F was more frequently handled with 
grips of Type 2 and 4. In short, Spoons A, B, D, and E were handled almost 
exclusively with a precision grip, whereas during scooping attempts conducted with 
Spoons C and F, a power grip was also prominent. 
In the second set of analyses, the relative occurrence of grip position was 
assessed for each spoon type. These analyses yielded a similar pattern of results 
and all were significant, (a = .OO5). That is, for scoops made using Spoons A, B, D, 
top 
middle 
fn 
Q) blade 
0 
succesful unsuccesful 
scooping attempt 
FIGURE 5 The observed distribution (mean number of occurrences per par- 
ticipant) of successful and unsuccessful scooping attempts expressed as a function 
of grip position. Error bars represent the corresponding standard deviations. 
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2 n 
E 
3 
C 
0 
spoon A spoon B spoon C spoon D spoon E spoon F 
type of spoon 
FIGURE 6 The observed distribution (mean number of occurrences per participant) of grip 
types expressed as a function of spoon. Error hars represent the corresponding standard 
deviations. 
top 
T 1 er-. 
spoon A spoon B spoon C spoon D spoon E spoon F 
type of spoon 
FIGURE 7 The observed distribution (mean number of occurrences per participant) of grip 
position expressed as a function of spoon. E m  bars represent the corresponding standard 
deviations. 
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and E, the top grip position was most frequently adopted (Figure 7). In contrast, 
when Spoon F was used, the middle grip position was employed more often than 
the blade grip position. During scoops made using Spoon C, all grip positions 
occurred with equal frequency. 
The increased prevalence ofpower grips and the absence of a preferred grip position, 
associated with Spoon C, may have been indicative of adaptations to the control 
problems posed by this tool. On the other hand, it is possible that these modes of 
handling expressed intrinsic coordination tendencies. If this was the case, it might 
have been anticipated that there would be few changes in the mode of handling 
during a series of scooping movements. 
To examine this question, the relative number of changes in grip and position 
within each 1-min collection interval was analyzed as a function of spoon type using 
the chi-square procedure. It was evident that the number of changes in grip type 
was not influenced by the spoon used, x2(4, N = 38) = 5,32. However, the number 
of changes in grip position was sensitive to the type of spoon, X2(2, N = 38) = 
24.46, (a = .005). As Figure 8 shows, there were more changes in grip position 
when Spoon C was used, compared to the other spoon types. 
GENERAL DISCUSSION 
It has been argued that the essence of tool use lies in the control of a functional 
relation between the organism + tool complex and the environment. The specific 
spoon A spoon B spoon C spoon D spoon E spoon F 
type of spoon 
FIGURE 8 The mean number of changes in grip position observed for each 
rype of spoon. 
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character of this relation defines the type of tool-use action that is performed. As a 
corollary, it was assumed that perturbations of this relation, for example, those 
induced by changing some features of the tool without annihilating the affordance 
of the tool, will reveal the essential dimensions of the organism + tool complex. 
In this experiment, consideration was given to the handling of spoons by young 
children. Perturbations of the relation between the organism + tool complex and 
the environment were achieved by altering the geometrical relation of the bowl to 
the stem in a set of otherwise identical spoons. If the action of the children was 
indeed aimed at preserving the functional relation between the scoop and the rice, 
adaptations in the handling of the spoon may be expected to be aimed at preserving 
this relation. It was apparent from our results that when the children were required 
to use the spoons to transfer rice from one bucket to another, all of their attempts 
were indeed aimed at establishing the necessary relation between scoop and rice. 
This was evidenced by the fact that in all attempts, the concave side was facing 
upwards. Hence, despite the perturbation of the relation between tool and sub- 
stance, they still perceived and tried to effectuate the affordance of the spoon as a 
device for scooping and transporting rice. Most of the attempts resulted in successful 
outcomes. However, when scooping attempts were conducted using a spoon in 
which the stem was perpendicular to the bowl (Spoon C), a large number of 
unsuccessful outcomes were observed. Indeed, for five children, the control problem 
posed by Spoon C was insurmountable and they were simply unable to use the spoon 
for transporting rice. A highly rigid handling mode was evident during many of the 
unsuccessful attempts undertaken using this spoon. The spoon was frequently held 
close to the bowl in a clenched (power) grip, with the consequence that compen- 
satory movements of the individual fingers were restricted (cf. Landsmeer, 1962). 
Even during successful attempts completed using Spoon C (and to a lesser extent 
Spoon F), power grips located close to the bowl predominated. Together, these 
findings suggest that the adoption of a rigid handling mode arises as a direct 
consequence of the need to preserve the functional act of scooping, namely, 
maintaining the functional characteristic of the affordance of the spoon, and point 
to the (generic) ~ r i n c i ~ l e  of freezing degrees of freedom (rigid handling mode) as 
initial solution to the control problem. 
It has been proposed that the ~roblem ~ o s e d  for the central nervous system in 
achieving coordination is that of harnessing the potentially vast numbers of degrees 
of freedom comprised by a highly redundant musculoskeletal system (Bernstein, 
1967). However, the redundancy of the musculoskeletal system can also be regarded 
as a source of flexibility. A balance must exist between the need to reduce the 
number of independent variables to be controlled and the requirement that there 
remain degrees of freedom that have the ~otential to vary in response to changing 
task demands. 
The grip pattern observed for Spoon C was evidently stable. The number of 
changes in the type of grip was no greater than that observed for the other spoons. 
Nonetheless, this grip pattern afforded little flexibility, as the fingers could not be 
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moved independently. Adjustments that may have occurred in other parts of the 
movement system were clearly not sufficient to ensure a fully functional movement 
pattern. Although the grip configuration was relatively stable, childrenchanged the 
grip position more frequently when using Spoon C than when using the other 
spoons. These data suggest that in accommodating to the perturbation, the degree 
of freedom represented by the grip position was amenable to greater change than 
the degree of freedom represented by the grip configuration. 
Obviously, we only examined the degrees of freedom encompassed by the grip 
configuration and the grip position. However, it is evident that accommodation to 
changing task demands may be distributed throughout the movement system. As 
an example, Connolly and Dalgleish (1993) showed that during the first 2 years, 
children show an increasing degree of elbow flexion when eating with a spoon. In 
prehension it has also been shown that when greater precision is demanded, 
compensatory adjustments encompass joints that are proximal to the shoulder and 
the elbow (Steenbergen et al., 1995). In future work, currently being prepared in 
this laboratory, distributed responses to perturbations of the tool-environment 
relation need be considered directly. It is also to be anticipated that outcome 
measures, such as the amount of rice transported in each attempt, will provide more 
sensitive means of determining the efficacy of various movement patterns than the 
binary classification ofmovement attempts (successful-unsuccessful) used in this study. 
Recently, Mathiowetz and Wade (1995) showed that it is preferable in a practical 
setting to use a functional task for evaluating functional performance rather than 
a miming task. Participants in their study were required to eat with a spoon under 
three conditions: completely miming the eating task, miming the eating task by 
using a spoon, and actually eating with a spoon. Each of the tasks elicited unique 
kinematic patterns. Mathiowetz and Wade (1995) suggested that their results raise 
concerns relating to the content validity of the functional measurement tools used 
currently by therapists, especially in circumstances in which functional tasks are 
omitted from evaluation protocols. These findings also indicate clearly the impor- 
tance in tool use of the relation between the implement and the environment. In 
a similar vein, it has been shown that children stop writing when their scribbling 
has no success, for example, when it doesn't leave a trace on the writing surface. 
These examples clearly show that if the relation between the tool and the environ- 
ment is nonfunctional or meaningless (no trace to be made on the paper or no food 
to be scooped on the spoon), the tool use action ceases to exist. 
Taken collectively, these studies clearly show that control in tool use is directed 
at the toolenvironment interface; namely, there is a shift in boundary between 
organism and environment. There is a high practical value in this work, especially 
in the field of ergonomic design. Design of tools, especially for disabled persons, has 
to be aimed at facilitating the process of controlling the relation between tool and 
environment. Examples are spoons and scissors for right and left-handed people (cf. 
Valsiner, 1987). The therapeutic and practical significance of this theorizing 
demands further study. By extension, the results of this study, namely, preservation 
D
o
w
n
lo
ad
ed
 B
y:
 [
Vr
ij
e 
Un
iv
er
si
te
it
, 
Li
br
ar
y]
 A
t:
 1
0:
01
 1
5 
Ma
rc
h 
20
11
128 STEENBERGEN ET AL. 
of the functional characteristic of the affordance despite variation in features of the 
affordance, indicate that perception provides information about both the meaning 
and use of affordances (Reed, 1996). 
ACKNOWLEDGMENTS 
We thank Roelof van Schellingerhout for help in preparing and carrying out the 
experiment. Wouter Hulstijn and Geert Savelsbergh are thanked for critically 
reviewing earlier drafts of this article. 
REFERENCES 
Bates, E., Carlson-Luden, E, & Bretherton, J. (1980). Perceptual aspects of tool using in infancy. Infant 
Behaviatr and Development, 3, 127-140. 
Beck, B. B. (1980). Animal tool behavior: Use and manufacture of tools by animals. New York: Garland 
STPM. 
Bemstein, N. A. (1967). The co-urdinuion and regulanon of mouements. Oxford, England: Pergamon. 
Berthelet, A., & ChavaiUon, J. (1993). The use of tools by human and non-human primnres. Oxford, 
England: Oxford University Press. 
Brown, A. L. (1990). Domain-specific principles affect learning and transfer in children. Cognitive 
Science, 14, 107-133. 
Bmner, J. S. (1969). Processes of cognitive growth: Infancy: Heinz Werner lectures. Worcester, MA: Clark 
University Press. 
Bruner, 1. S. (1973). The organization of early skilled action. Child Development, 44, 1-11. 
Cohen, J. (1960). A coefficient of agreement for nominal scales. Educational and Psychological Measure- 
ment, 20,3746. 
Connolly, K. J., & Dalgleish, M. (1989). The emergence of a tool-using skill in infancy. Developmental 
Psychology, 25,894-912. 
Connolly, K. J., & Dalgleish M. (1993). Individual patterns of tool use by infants. In A. F. Kalverboer, 
B. Hopkins, & R. Geuze (Eds.), Mom development in early mui later childhood: LonglhlClinul approaches 
(pp. 174-204). Cambridge, England: Cambridge University Press. 
Elliot, J., & Connolly, K. (1984). A classification of manipulative hand movements. Develoj~mental 
Medicine a d  Child Neurdogy, 26,283-296. 
Gibson, J. 1. (1986). The ecdogrcal approach to visual perception. Hillsdale, NJ: Lawrence Erlbaum 
Associates, Inc. (Original work published 1979) 
Goodall, J. (1986). The chimpanzees of Gombe. Cambridge, MA: Harvard University Press. 
Greenfield, P. M. (1991). Language, tools and brain: The ontogeny and phylogeny of hierarchically 
organized sequential behavior. Behavioral and Brain Sciences, 14, 531-595. 
Jouffroy, F. K. (1993). Primate hands and the human hand: The tool of hands. In A. Berthelet & J. 
Chavaillon (Eds.), The use of took by human and non-human primates (pp. 6-33). Oxford, England: 
Oxford University Press. 
Katz, D. (1925). Der Aufbau dm Tastwelt [The construction of the haptic world]. Leipzig, Germany: 
Barth. 
Landsmeer, J. M. F. (1962). Power grip and precision handling. A n d  of Rheumatic Diseaces, 21, 
164-169. 
Mathiowetz, V., & Wade, M. G. (1995). Task constraints and functional motor performance of 
individuals with and without multiple sclerosis. Ecological Psychology, 7, 99-123. 
D
o
w
n
lo
ad
ed
 B
y:
 [
Vr
ij
e 
Un
iv
er
si
te
it
, 
Li
br
ar
y]
 A
t:
 1
0:
01
 1
5 
Ma
rc
h 
20
11
TOOL USE IN YOUNG CHLDREN 129 
McGrew, W. C. (1993). The intelligent use of tools: Twenty propositions. In K. R Gibson & T. Ingold 
(Eds.), Took, language rmd cognition in human evdution (pp. 151-170). Cambridge, England: Cam- 
bridge University Press. 
Napier, J. R (1956). The prehensile movements of the human hand. Journal of Bone rmdJoint Surgery, 
38B, 902-913. 
Parker, S., & Gibson, K. R (1977). Object manipulation, tool use and sensorimotor intelligence as 
feeding adaptations in cebus monkeys and great apes. journal of H u m  Eudutiofi, 6,623-641. 
Piaget, J. (1954). The consmticm of reality in the child. New York: Basic Books. 
Reed, E. S. (1988). Applying the theory of action systems to the study of motor skills. In 0. G. Meijer 
& K. Roth (Eds.), Complex movement behaviour: The motor-action controversy (pp. 45-86). Amster- 
dam: North-Holland. 
Reed, E. S. (1996). Comment on Smitsman. In C. Dent-Read & P. Zukow-Goldring (Eds.), Changing 
ecokgd approaches tn development: Mutualities (PP 331-333). Washington, D.C.: American Psycho- 
logical Association. 
Smitsman, A. W. (1996). The development of tool use: Changing boundaries between organism and 
environment. In C. Dent-Read & P. Zukow.Goldring (Eds.), Changing ecological approacfws to 
development: Mutualities (pp. 301-329). Washu-gton, DC: American Psychological Association. 
Steenbergen, B., Marteniuk, R, & Kalbfleisch, L. (1995). Achieving coordination in prehension: Joint 
freezing and postural contributions. J a c d  ofMotor Behauior, 27,333-348. 
Tamboer, J. W. I. (1989). Images of the body underlying concepts of action. In 0 .  G. Meijer & K. Roth 
(Eds.), Cmnplex movement behiour: The motor-action controversy (pp. 439-461). Amsterdam: 
North-Holland. 
Valsiner, J. (1987). Culture and the dwelopment of children's action: A cultural-historical theory of 
developmental psychdogv. New York: Wiley. 
Van Leeuwen, L., Smitsman, A. W., &Van Leeuwen, C. (1994). Affordances, perceptual complexity, 
and the development of tool use. Journal of Experimental Psychology: Human Perception and Perform- 
ance, 20, 174-191. 
Van der Kamp, J., Steenbergen, B., & Smitsman, A. W. (1993). Preliminaries for a natural physical 
approach to tool-use in children. In S. S. Valenti & J. B. Pittenger (Eds.), Studies in perception rmd 
action I1 (pp. 329-332). Hillsdale, NJ: Lawrence Erlbaum Associates, Inc. 
Vereijken, B., Van Emmerik, R. E. A., Whiting, H. T. A., &Newell, K. M. (1992). Free(z)ing degrees 
of freedom in skill acquisition. Journal of Motor Behavior, 24, 133-142. 
D
o
w
n
lo
ad
ed
 B
y:
 [
Vr
ij
e 
Un
iv
er
si
te
it
, 
Li
br
ar
y]
 A
t:
 1
0:
01
 1
5 
Ma
rc
h 
20
11
